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Abstract
We have shown that highly proofreading DNA polymerase is required for the polymerase
chain reaction in the genetic analysis of hepatitis C virus (HCV). To clarify the status of HCV
quasispecies in hepatic tissue using proofreading DNA polymerase, we performed a genetic anal-
ysis of the HCV core protein-encoding region in cancerous and noncancerous lesions derived from
4 patients with hepatocellular carcinoma. In contrast to the previously published data, we observed
neither deletions nor stop codons in the analyzed region and no significant difference in the com-
plexity of HCV quasispecies between cancerous and noncancerous lesions. This result suggests
that the HCV core gene is never structurally defective in hepatic tissues, including cancerous le-
sions. However, in 3 of the patients, the consensus HCV species differed between cancerous and
noncancerous lesions, suggesting that the predominant replicating HCV species differs between
these 2 types of lesions. Moreover, during the course of the study, we obtained several interesting
variants possessing a substitution at codon 9 of the core gene, whose substitution has been shown
to induce the production of the F protein synthesized by a - 2/+1 ribosomal frameshift.
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DNA polymerase
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HepatitisCVirusQuasispeciesinCancerousandNoncancerous
HepaticLesions:TheCoreProtein-encodingRegion
ShahjalalS.Alam?,TakashiNakamura?,AtsushiNaganuma?,AkitoNozaki?,
KazuhiroNouso?,HiroyukiShimomura?,andNobuyukiKato??
?DepartmentofMolecularBiology,?DepartmentofMedicineandMedicalScience,
OkayamaUniversityGraduateSchoolofMedicineandDentistry,Okayama700-8558,Japan
WehaveshownthathighlyproofreadingDNApolymeraseisrequiredforthepolymerasechain
reactioninthegeneticanalysisofhepatitisCvirus(HCV).ToclarifythestatusofHCVquasispecies
inhepatictissueusingproofreadingDNApolymerase,weperformedageneticanalysisoftheHCV
coreprotein-encodingregionincancerousandnoncancerouslesionsderivedfrom4patientswith
hepatocelularcarcinoma.Incontrasttothepreviouslypublisheddata,weobservedneither
deletionsnorstopcodonsintheanalyzedregionandnosigniﬁcantdi?erenceinthecomplexityof
HCVquasispeciesbetweencancerousandnoncancerouslesions.ThisresultsuggeststhattheHCV
coregeneisneverstructuralydefectiveinhepatictissues,includingcancerouslesions.However,in
3ofthepatients,theconsensusHCVspeciesdi?eredbetweencancerousandnoncancerouslesions,
suggestingthatthepredominantreplicatingHCVspeciesdi?ersbetweenthese2typesoflesions.
Moreover,duringthecourseofthestudy,weobtainedseveralinterestingvariantspossessinga
substitutionatcodon9ofthecoregene,whosesubstitutionhasbeenshowntoinducetheproduction
oftheFproteinsynthesizedbya－2/＋1ribosomalframeshift.
Keywords:hepatitisCvirus,coregene,hepatocelularcarcinoma,quasispecies,proofreadingDNApolymerase
H epatitisCvirus(HCV)infectionfrequentlycauseschronichepatitis(CH)［1,2］andprogressesto
livercirrhosis(LC)andhepatocelularcarcinoma(HCC)
［3,4］.HCVisanenvelopedpositivesingle-stranded
RNA (9.6-kilobases)virusbelongingtothefamily
Flaviviridae［5,6］.Todate,alargenumberofgenetic
analysesofHCV havebeenreported,andtheviral
genomestructurehasbeenelucidated［forreview,see7,
8］.TheHCV genomeencodesalargepolyprotein
precursorofapproximately3,000aminoacidresidues,
andthisprecursorproteiniscleavedbythehostandviral
proteinasestogenerateatleast10proteinsinthefol-
lowing order:NH2-core-envelope(E1)-E2-p7-
nonstructuralprotein2(NS2)-NS3-NS4A-NS4B-NS5A-
NS5B-COOH.Themostcharacteristicfeatureofthe
HCVgenomeisitsremarkablegeneticheterogeneity.To
date,atleast6majorHCV genotypeshavebeen
identiﬁed,andthesehavebeenfurthergroupedintomore
than50subtypes.Furthermore,HCV mayshow
quasispeciesdistributioninaninfectedindividual.These
geneticfeaturesofHCVareconsideredtobeoneofthe
mostimportantfactorsregardingmaintenanceofthe
chronicviremicstateandhavehamperedthedevelopment
ofvaccines［forreview,see7,8］.
TheHCVcoreproteinisa21-kDaproteinproduced
fromtheN-terminalportionoftheprecursorproteinby
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host-celsignalpeptidase(s)［9］,andresidesprimarilyin
thecytoplasm［10］.Todate,ithasappearedthatthe
HCVcoreproteinnotonlyfunctionsinviralreplicationas
aviralcapsidprotein,butalsoa?ectsavarietyofcelular
functions,includinggeneexpression,signaltransduction,
andapoptosis［11］.Thecoreproteinisthusamultifunc-
tionalproteinandmayplayanimportantroleinhepato-
celularcarcinogenesis.Tounderstandtherelationship
betweentheprogressionofhepaticdiseaseandthe
genomiccharacteristicsoftheHCVcoreprotein-encoding
region,geneticanalysesofHCVderivedfrompatients
withacutehepatitis,CH,LCandHCChavebeen
performed［12,13］.Inaddition,severalgroupshave
carriedoutcomparativesequenceanalysesoftheHCV
coregeneincancerousandnoncanceroushepaticlesions
［14-16］.Theresultsobtainedfromthesestudieshave
shownthattheintra-patientvariationinnucleotides
increaseswiththeprogressionofliverdisease,andthat
deletionsandmutationsinthecoregeneoccurmore
frequentlyincancerousthaninnoncancerouslesions.
However,becausenonproofreadingDNA polymerase
wasusedforthepolymerasechainreaction(PCR)in
thesestudies,thepossibilityremainsthatsomeofthese
observationswereexperimentalartifacts.Therefore,to
accuratelyelucidatethestatusofquasispeciesoftheHCV
coregene,weconsidertheuseofhighlyproofreading
DNApolymeraseforampliﬁcationoftheHCVgenomes
tobeindispensable.Inthepresentstudy,wehaveshown
thatnonproofreadingDNApolymerasesgiveartifactural
quasispeciesrepresentations,andthatthereappearstobe
nodi?erenceincore-genegeneticdiversitybetweencan-
cerousandnoncanceroushepaticlesions, although
di?erentsequencesareclearlyevident.Inaddition,
duringthecourseofthestudy,weobtainedseveral
interestingvariantspossessingasubstitutionatcodon9of
thecoregene.
MaterialsandMethods
FourJapanesepatientswithHCC
wereselectedforthisstudy.Patient1wasa68-year-old
manwithCHandHCC,andaserumalanineaminotrans-
ferase(ALT)levelwas49IU/l.Patient2wasa69-year-
oldmanwithLCandHCCandaserumALTlevelof120
IU/l.Patient3wasa67-year-oldfemalewithLCand
HCCandaserumALTlevelof22IU/l.Patient4was
a58-year-oldmanwithLCandHCCandaserumALT
levelof48IU/l.Theresultsofthepathogenicexamina-
tionoftheseHCCswereasfolows:patient1,highly
di?erentiatedHCC;patient2,amixtureofhighlyand
moderatelydi?erentiatedHCC;patient3,moderately
di?erentiatedHCC;patient4,undi?erentiatedHCC.Al
patientswerepositiveforantibodiesagainstHCVbut
negativeforhepatitisB surfaceantigen.TheHCV
genotypeinthesepatientswasdeterminedtobegenotype
1bbyapreviouslydescribedmethod［17］.Informed
consentwasobtainedfromeachpatientbeforethestudy.
Freshtissuesamples(includingacancerousandnoncan-
cerousportion)werecolectedintraoperativelyfromthe
resectedspecimens,immediatelyfrozen,andstored
overnightat－80°C.
RNAsfrom hepatictissues
werepreparedusingtheISOGENextractionkit(Nippon
GeneCo.,Toyama,Japan).TheseRNAsamples(1μg
ofRNA)wereusedastemplatesfortheRT-nestedPCR
toamplifythecoregene.Anantisenseprimer,968R,
5’-GTTGGAGCAGTCGTTCGTGAC-3’(correspond-
ingtoposition948-968ofHCV-JS［18］),wasusedto
primecDNAsynthesisbySuperScriptII(LifeTechnol-
ogies,Rockvile,MD,USA).One-tenthofthesynthe-
sizedcDNA wasusedfortheﬁrstroundofPCR.
Primers201A,5’-GCCTGATAGGGTGCTTGCGA-3’
(correspondingtoposition291-310ofHCV-JS［18］),
and968RwereemployedintheﬁrstroundofPCR(35
cyclesin50μl).Twomicrolitersoftheﬁrstreaction
mixturewasusedforthesecondroundofPCR.An
internalprimerpair,338(B),5’-ATTATGGATCCGGA
GGTCTCGTAGACCGTGC-3’(correspondingtoposi-
tion319-338ofHCV-JS［18］andcontainingaBamHI
recognitionsite(underlined)inthe5’region),and
948R(H),5’-ATTATAAGCTTCATGGTATATCCCG
GACGCGTT-3’(correspondingtoposition927-948of
HCV-JS［18］andcontainingaHindIIIrecognitionsite
(underlined)inthe5’region)wasusedforthesecond
roundofPCR(30cyclesin50μl).KOD-plusDNA
polymerase(Toyobo,Osaka,Japan)wasusedasa
proofreadingenzymeforPCR,andeachPCRcycle
consistedofannealingat55°Cfor45sec,primerexten-
sionat74°Cfor1minanddenaturationat94°Cfor30
sec.TaqDNApolymerase(Sawady,Tokyo,Japan)was
Alametal. ActaMed.Okayama Vol.56,No.3142
Footnotes:Thenucleotide-sequencedatareportedinthispaperwilappearin
theDDBJ,EMBL,andGenBanknucleotide-sequencedatabasesunder
accession numbersAB061927 to AB062026 (pTL1～pTL4 series),
AB062173toAB062272(pTH1～pTH4series).
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usedasanonproofreadingenzymeforPCRunderthe
sameconditionsasthoseusedwiththeKOD-plusDNA
polymerase.ThesecondPCRreactionoftheHCVcore
geneyieldeda652-bpampliﬁedproduct.
PCRprod-
uctscontainingtheHCVcoreprotein-encodingregion
wereclonedintotheBamHIandHindIIIsitesof
pTZ19R,asdescribedpreviously［19］.Plasmidinserts
weresequencedinboththesenseandantisensedirections
usingBigDyeterminator-cyclesequencingonanApplied
Biosystems310automatedsequencer(AppliedBiosys-
tems,Inc.,Norwalk,CT,USA).
Results
Toexaminetheinﬂuenceofusingthedi?erentkinds
ofDNA polymeraseinRT-nestedPCR,weused
KOD-plusDNApolymeraseandTaqDNApolymerase
ashighlyproofreadingandnonproofreadingenzymes,
respectively.ARNAspecimenderivedfromacancerous
lesioninpatient1withHCCwasusedforcDNAsynthe-
siswithSuperScriptII.TheobtainedcDNAwasusedas
atemplateforampliﬁcationofthecoregenebyKOD-plus
orTaqDNApolymerase.Wecomparedthenucleotide
sequencesofeachof20clones(pTH1andpTH1Sseries)
obtainedfromthePCRproductsampliﬁedbytheKOD-
plusandTaqDNA polymerases,respectively.We
obtainedthesameconsensussequencefrombothseries.
However,thelevelofnucleotidesubstitutioninclonesof
thepTH1serieswasdrasticalylowerthanthatofclones
ofthepTH1Sseries,asshowninTable1.Inparticular,
thenumberofnonsynonymoussubstitutionswithatransi-
tioninthepTH1series(3positions)was7timeslower
thanthatinthepTH1Sseries(21positions),althoughthe
numberofsynonymoussubstitutionswithtransitionwas
1.5timeslowerinthepTH1seriesthaninthepTH1S
series(Table1).Thenumberofsynonymousandnon-
synonymoussubstitutionswithtransversioninthepTH1
serieswasalso7timeslowerthanthatinthepTH1S
series(Table1).Furthermore,weobtained6clones
possessingonenucleotidedeletionatdi?erentpositionsin
thepTH1Sseries,butnosuchcloneswereobtainedin
thepTH1series.Thedistributionpaternofclones
divergingfromtheconsensussequenceswasalsorather
di?erentbetweenseriesatboththenucleotideandamino
acid-sequencelevels.InthepTH1series,6and17outof
20cloneswerethesameastheconsensussequencesat
thenucleotideandaminoacidlevels,respectively,butin
thepTH1Sseries,only1and5outof20cloneswerethe
sameastheconsensusclonesatthenucleotideandamino
acidlevels,respectively.Theseresultssuggestthatthe
geneticdi?erencesdetectedbetweenthepTH1and
pTH1Sserieswereduetothedi?erencesinproofreading
activitybetweentheDNApolymerasesused.Therefore,
wejudgedthatuseofaproofreadingDNApolymeraseis
requiredforthePCRingeneticanalysisofHCV.
ToelucidatethestatusofHCVquasispeciesincancer-
ousandnoncancerouslesions,RNAspecimensderived
from4HCV-positivepatientswithHCCwereusedfor
ampliﬁcationofthecoregenebyRT-nestedPCRusing
KOD-pluspolymerase.Wedeterminedthenucleotide
sequencesof20independentclonesobtainedfromeachof
twospecimensofpatients1-3(n＝120clonesintotal).
Inthecaseofpatient4,weanalyzed40clonesfromthe
cancerouslesionand40fromthenoncancerouslesion,as
severalinterestingcloneswereobtained(thesewilbe
describedlaterinthisreport).Basedonthesesequence
data,weanalyzedthestatusofthesequencediversityof
thecoregeneincancerous(pTHseries)andnoncancerous
(pTLseries)lesions.AsshowninTable2,theconsen-
sussequencesobtainedineachofthespecimensfromthe
cancerousandnoncancerouslesionsshowed1.4-2.6
HCVQuasispeciesinHepaticTissuesJune2002
Table1 SequencediversityofPCRproductsampliﬁedwithproofreadingandnonproofreadingDNApolymerases
Series No.ofclonessequenced
No.ofntsubstitutedfromconsensussequences
Transition Transversion
SynonymousNonsynonymous Average/clone SynonymousNonsynonymousAverage/clone
No.ofdeletednt
pTH1 20 23 3 1.30 1 0 0.05 0
pTH1S 20 36 21 2.85 5 2 0.35 6
ThepTH1andpTH1Sserieswereobtainedbyampliﬁcationusingproofreading(KOD-plus)andnonproofreading(Taq)DNApolymerases,
respectively.
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nucleotide-sequencediversitycomparedwiththeconsen-
sussequenceofgenotype1b.Theaminoacidsequences
deducedfromtheconsensussequencesalsodi?eredfrom
theconsensussequencesofgenotype1bby1-6amino
acids(Table2),althoughthesesequencesdidnotdi?erin
thepTH2series.Thesevalueswerewithinthesequence
variationingenotype1b.However,wefoundthatthe
consensussequencesdi?eredbetweenthecancerousand
noncancerouslesionsin3of4patients.Theconsensus
sequencesofthepTH4andpTL4seriesdi?eredby9
nucleotidesand1aminoacid.5nucleotidesand2amino
acidsweredi?erentbetweentheconsensussequencesof
thepTH2andpTL2series(Table2).Wefurtherfound
that,exceptinthecaseofpatient3,thedistributionof
HCVspeciessubstitutedfromeachoftheconsensus
sequencesalsodi?eredbetweencancerousandnoncancer-
ouslesions,particularlyatthenucleotidelevel(Table3).
FiftypercentofclonesinthepTH4series(cancerous
lesion)wereidenticaltotheconsensussequence,butnone
oftheclonesinthepTL4series(noncancerouslesion)
werethesame.FortypercentofclonesinthepTL2
series(noncancerouslesion)showedsequencesidenticalto
theconsensussequences;however,therewerenoclones
possessingtheconsensussequencesinthepTH2series
Table2 Comparisonoftheconsensussequencesobtainedfromcancerousandnoncancerouslesions
Consensus
sequences
Di?erencesfromconsensus
sequenceofgenotype1b
nt/573nts aa/191aa
Di?erencesbetweenconsensus
sequencesofpTHandpTLseries
nts/573nts aa/191aa
pTH1 14 6 0 0pTL1 14 6
pTH2 12 0 5 2pTL2 15 2
pTH3 12 2 1 0pTL3 11 2
pTH4 11 2 9 1pTL4 8 1
Table3 DistributionofHCVclonesdivergedbysubstitutionfromeachconsensussequence
No.ofsubstitutions
di?eringfrom
eachconsensus
sequence
No.ofclones
pTH1 pTL1 pTH2 pTL2 pTH3 pTL3 pTH4 pTL4
nt aa nt aa nt aa nt aa nt aa nt aa nt aa nt aa
0 6 17 1 13 4 8 12 4 14 4 17 20 22 10
1 8 3 7 4 1 11 1 6 2 5 6 2 1 3 15
2 2 8 2 5 4 1 7 1 5 1 7 8
3 2 2 1 2 3 3 2 1 6 2 4
4 1 2 1 3 1 2 2 2 1 3
5 1 11 2 1 1
6 2 1 11
7 2 3 6
8 8
9 1 6
10 2 3
11 1 2
12 2
13 2
14 3
15 1
16 4
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(cancerouslesion).Inthecaseofpatient1,whoalso
showedidenticalconsensussequencesbetweenthecancer-
ousandnoncancerouslesions,only1clonefromthe
noncancerouslesionwasidenticaltotheconsensus
sequence,while6clonespossessingtheconsensus
sequencewereobtainedfromthecancerouslesion(Table
3).TheseresultssuggestthattheHCVquasispecies
proliferatingincancerousandnoncancerouslesionsare
ratherdi?erentineachcase.
Table4summarizesthenumbersofnucleotidesdeviat-
ingfrom eachoftheconsensussequences.Inboth
patients2and3,thefrequenciesofsubstitutionswith
transitionortransversionwerehigherincancerousthanin
noncancerouslesions,whileinpatients1and4,noncan-
cerouslesionsshowedhigherfrequenciesofsubstitutions
thanthecancerouslesion.Theseresultsdonotsupport
theconclusioninpreviousreports［14-16］thatthe
complexityofquasispeciesonthecoregeneincancerous
lesionsisgeneralyhigherthanthatinnoncancerous
lesions.Furthermore,incontrasttopreviousreports
［14-16］,noclonespossessingthedeletionorstopcodon
wereobtainedinthecoregene.Nonsynonymoussubsti-
tutionswere2.4to8timeslessfrequentthansynonymous
ones,andtransitionswere7.8to40timesmorefrequent
thantransversion,particularlyatthethirdpositionofthe
codon.
Duringthecourseofthisstudy,weobtained6inter-
esitngclonesfromthenoncancerouslesionofpatient4
(pTL4series);alofthesehadAGA(Arg)toAAA
(Lys)substitutionsatcodon9,resultinginanAstretch
(A?toA?)atcodons8-11(Fig.1).Althoughthe4
majorclonespossessedanA?stretch,onepossessedan
A?stretchduetoanadditionalsubstitution(ACCto
AAC)atcodon11,whileanotherpossessedanA?
stretchduetoanadditionalsubstitution(ACCtoCCC)at
codon11.Todate,onlytheprototypeHCV-1strainhas
beenreportedtopossessthesameA?stretchatcodons
8-11［20］.IthasalsobeenreportedthattheHCV-1
genomeproducesasmal17-kDaproteinwitha21-kDa
coreproteinininvitrotranscriptionandtranslation
experiments［21］.Furthermore,codon9(AAA)has
beenshowntoplayanimportantroleindetermining
productionofthe17-kDaprotein［21］.Recently,this
Table4 SequencediversitiesoftheHCVcoreprotein-encodingregionderivedfromcancerousandnoncancerouslesions
Series
No.of
clones
sequenced
No.ofntsubstitutedfromeachconsensussequences
Transition Transversion
Synonymous Nonsynonymous Average Synoymous Nonsynonymous Average
Synonymous/
nonsynonymous
Transition/
transversion
pTH1 20 23 3 1.30 1 0 0.05 8.0 26.0
pTL1 20 26 7 1.65 0 4 0.20 2.4 8.3
pTH2 20 80 16 4.80 0 5 0.25 3.8 19.2
pTL2 20 28 12 2.00 1 0 0.05 2.4 40.0
pTH3 20 33 6 1.95 3 1 0.20 5.1 9.8
pTL3 20 27 4 1.55 3 1 0.20 6.0 7.8
pTH4 40 173 25 4.95 0 19 0.48 3.9 10.3
pTL4 40 233 34 6.67 5 20 0.62 4.4 10.8
cancerouslesion? 223 37.5 3.25 4.0 15.5 0.24 4.2 13.3
noncancerouslesion?? 198 40.0 2.97 6.5 15.0 0.27 3.9 11.0
?OnehalfofthetotalnumberofclonesfromthepTH4serieswasaddedtothecalculation.??Onehalfofthetotalnumberofclonesfromthe
pTL4serieswasaddedtothecalculation.
Fig.1 Nucleotidesequencesofcodons8-13inthepTL4series.
Thestatusofthequasispeciesoncodons8-13isshown.Boxed
codonsindicatethenonsynonymoussubstitutions.TheknownHCV-1
strainpossessinganAAAsequenceatcodon9isalsoshown.
145HCVQuasispeciesinHepaticTissuesJune2002
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17-kDaprotein,namedtheFprotein,hasbeenclariﬁed
tobeproducedbyaribosomalframeshiftintothe－2/
＋1readingframe［22］.Theobtained6mutants
possessingasubstitutionatcodon9mayalsoproducethe
Fprotein.
Discussion
Inthisstudy,wehaveshowntheimportanceofusing
proofreadingDNApolymeraseinthegeneticanalysisof
HCV.Regardingthispoint,ithasrecentlybeenshown
thattheuseofnonproofreadingTaqDNApolymeraseto
assessviraldiversitycouldyieldanincorrectquasispecies
spectrum［23］.Inthispreviousstudy,sequenceanalysis
ofhypervariableregion1oftheE2envelopegeneandthe
interferonsensitivity-determiningregionoftheNS5A
generevealedagreatnumberofminorvariantsinthe
PCR productsampliﬁedbynonproofreading DNA
polymerase,80 ofwhichwerenotobservedinthe
PCRproductsampliﬁedbyproofreadingDNApolymer-
ase［23］.Theseﬁndingsthussupportourpresent
results.Ourassertionoftheimportanceofusinga
proofreadingDNApolymerasealsoseemsreasonablein
lightoftheﬁndingthattheﬁdelityofproofreadingDNA
polymeraseismorethan10timesgreaterthanthatofTaq
DNApolymerase［24,25］.
Anumberofsequenceanalyseshavebeencarriedout
onquasispeciesof5’UTRandtheenvelopegene［for
review,see7,8］;however,thereismuchlessinforma-
tiononquasispeciesofthecoregene.Inthisstudy,we
comparedthestatusofquasispeciesofthecoregene
betweencancerousandnoncancerouslesionsbysequence
analysisofthePCR productsampliﬁedwithhighly
proofreadingthermostableDNApolymerase.Previous
studies［13-16］haverevealedtheappearanceofin-frame
stopcodonsanddeletionsleadingtoframe-shiftswithin
thecoregene,especialyinthecaseofRNAspecimens
fromcancerouslesions.Incontrasttothesepublished
data,neitherstopcodonsnordeletionswereobserved
amongthe200HCVclonesderivedfromcancerousand
noncancerouslesionsinthepresentstudy.Becausewe
alsoobservedseveralone-nucleotidedeletionswitha
frequencyof30 whennonproofreadingTaqDNA
polymerasewasusedforthePCR,itmaybeconcluded
thatsuchdiscrepancydependsontheﬁdelitiesofthermo-
stableDNApolymerasesusedforPCR.
Althoughpreviousstudies［13-16］haveshowna
signiﬁcantlyhighergeneticvariabilityofHCVincancer-
ousthaninnoncancerouslesions,ourresultsdemonstrat-
edthatthequasispeciesdiversityofHCVisnotdepen-
dentonthestatusofhepaticdiseases.Thisdiscrepancy
isalsoprobablyduetodi?erencesintheDNApolymer-
asesusedforPCR.Toobtainaconclusionregardingthis
point,analysisofseveraladditionalspecimenswilbe
required.
Inthisstudy,weobtainedseveralcorevariants
possessinganAAAsequenceatcodon9,resultinginan
Astretch(A?toA?)atcodon8-11.Itisunlikelythat
detectionoftheAstretchwasduetoanerrorofDNA
polymeraseorreverse-transcriptase,assuchanAstretch
wasreproduciblyobtainedfromotherRT-PCRproducts
derivedfrompatient4.Althoughthefrequencyofclones
possessinganAstretchofmorethan8nucleotideswas
15 inthenoncancerouslesionofpatient4,nosuch
cloneswereobtainedfromthecancerouslesionofthis
patient,indicatingthatthefrequencyofsuchclonesin
cancerouslesionislessthan2.5 .However,itwilbe
necessarytoclarifytheprevalenceofsuchcorevariants,
whichmayproduceanFproteinsynthesizedbya－2/
＋1ribosomalframeshift,becauseithasbeenestimated
thattheFproteinplaysanimportantroleintheHCVlife
cycle［22］.
Finaly,thepresentdataobtainedusingaproof-
readingDNApolymeraseshowedthatnoneoftheHCV
speciesobtainedfromhepatictissues-includingcancer-
ouslesions-werestructuralydefectiveatleastinthecore
protein-encodingregion.GeneticanalysesofotherHCV
protein-encodingregionswilbeneededtoconﬁrmthis
observation.
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